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The !%hweizwisch- Institute ffir Xukleritt’orschung
($ IN)s.’ mnchine” first rcachrxf i!s full energy of ~Wi Xle V
in January 1$)74 with an extensive :rrpenraental pnjgr:lm
starting in the spring of 19?.5. The facility has not rr -
quirrd arty brKthy shutdown since s[urtup; instewt. thr+v
have cmr!inned to upgrade the facility by judicinus use (jf
shfmt (two- tc[ three-months) ~hutctowns. By lute 197(i t hi!;

mac-hlne ws rrperating routinely at currents up to ,:)()~A,
The S1,% rnrrchine is a combination of two isochr’nnous

cyc!otrmw l-he low-energy cyclotron (72 ~lov) is seL t[)r
Ibclwr+d nnd uses either an in~emal or external ion s{u]rce.
This low-energy machins is used for low-energy re=wrril
or ns nn injector to n ring cyc]otron formed of ~i~ht
srimmte sector milgnets and four sep~rate rf cavi:ies. “l”he
nlnximurn [whi~ radius in the injectrrr cyclotron is lIFI urn

trnrf in the ring cyclotron ia 445 cm. The macroscopi~: ht.um
duty factor i~ 100Yo. The cxpenmerrtal areas iire im -
tilerii~itely wljacent to tb eyc!r.ttrnns and the design wns
mnde to optimize the number of simultnneouw users, A
flmw pltln t)f the fncility showing the accelerator unrl the
experimentrrt arefl is shmv-n in Fig, 3.

Thr t bird muc}, irw is TR1[JX1 F- ●lJ which is th~ Ices,)n
I;lt’ility of the [’nirersity trf Alhertii, Simon I%her (Jrliver-
sity, I;niversity of Virtori~l, and the l~nivemity .If }Iritish

(’ollllnbiu. ‘1’his mtrchine fimt reached the design ener~y III
5!lt) l\ltJV in December 1!)74 ‘iqhe experimwttul Ilrqmrn
wils st:lrted in tlw tmrly sprinw of 1975. In late f[lll of 19713
rlitfic~llty wus encountered with s(une of the rf res~matur
h;~rrlw:lrv Imt hy Fuhrwry 1!)7G the machine shov+cl n
high lwt,l III SLICCW*.

Ttw ‘l”ltl[ ‘Xl F ml~chine is u srwtrw-fru:uwl isuchmrn)us
cyl’l(jtron using 11- ut(~ms, ‘l”he t{ him is extrqcte(l Iy

slril)!~ing ill 1[” tvitl) n slli!:lhlp foil plucwl nt the ~~r).
l~r{,;,,’1,111,I’,ltlili.+ ifl I}li, Lv(.ll,lron. :1, i. lIOIl:n!(llle ~)rf,vitleq

n (’(ml lnlhm~ly Viii’iiil)ll?(lul\JUt v[wrw ns Weli U* thp opti(m

(It sillllllt:lllw)ll+ly cxtmcting two hrwms rtt diltlwnt
!,l]l,r~ie+, ‘I%(’ use of the 11 I)Pill?l reiltlires H Inrge rl!d:lls
(Y.S m nt NM) llc\’) to ii~[)id stripping by elt-ctrrlmi~gnetic
l{mws; filrt hw, II wry IZIMM-Ii n(’~lllm is rvqnired to nYINI!
~ollisi(lllill stril)i)inK. Figure 4 sh~nvs the g~npr:d Inywt (It
tlw ‘I’l{llf\l F I[llillly. Ihwing 1!)77 Itll*y pl:lrr t[l in(’rvus~
tiw [Ix[wirmmtil] nnw :~hiehiinK WI Ihilt it will hP :I[lmlIIN~u
t’t)r lol~-y(\ rolllin~ uperntion: illl inllmn~ >(I hr%lln tl(llnl],
nmv nmltnm lirwrt nml othrr t’xlwrimentlll rirw inlpmv(~.
mllllts will ulMl Iw nwb,

(’omlmriwm of Kdstlng hlewn Fttctortew

III ntly rlltlllmrison of three Iiwilifitw orw must kw’1] ill
111111(1tllill tht+’ nrv Ull rvl:itivvly III iv utrd still ill tl)v

“,\ I \’Ill IgIIII t(t.itr j,iir”it ill %vitmrl:lt!:l
● ● f\l \’dIloIIlvt’l’.l~ritl .11 (“{d! lml)i:l, (’IIw(I; I
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Fiti. .?.
SLV Experimental Hall, ~!orirplan 1976 UI th shieldin~. I injwtnr cyrlntmrr; R .tinti r~rlrrtmfl;.Vf:.4rrnd
R !OW rnergy exp~rimwrtul m-mm: .$1 thin, E thirk m wm pmriuctinn twget.w r.tl ! high rewdutiwr pinn
bwm with r-.vpectrometw; r.kf:l pio?t b~m, p.%li km lin~ h .wotwrrd f’p~J!nriZVd pwrtrmn:TP.’Ipion
btwm umith pair. sp~ctmm~tw: rE? short .wpwrrrnd. p-rhrv m 1; z}:3 bm-m+dicnl shenm: p }Jf, ~!)?,
p E3 p- bcrrmn fmm 8 m sup~rrtrcd. p.chrmnd; nk’1, twutmn h mm; (nf>l, rfirrrtion of .wcwtd rvutmn
beam).

tind kept within rrllnwnhle bounds throughout pmductkn
prrinds. At l, AMIUI’ nncl !;1S it WM tiwumed thut tr:ln-
wnission rxn,rld he rontrolletl well ctwwgh SII t hnt NtI-
cehxator maintenance crmltl be done either “hnnth un” n~
wi[h Iocnl ~hielding and very simple forms (If rwm)!e
m,linipulntorst ‘1’ransmi~ion at I,:\ MPII’ uml SIN in th~
high-ener~ portiun d’ the mcrchirw ([, AMI)F IIH) tll FIIMI
31cV, S1S ~? to 5c9(lhleV) is Iletter thnn ~W%, At ‘ll{I!’JI F
the trmwmiwion between ,5 and .WU XIPV is 77’o. kun
lus~e~ H~ the Il)wer energi~ IIra dominrited by gIIS strippln~
~If thp II - ions nnd [It th~ higher mwm~itw elm-t rnmugwtic

TA1314E Iv

LJHA31 IIf)UltS AND IIIiAM
AVAILABILITY
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‘l’he ?/711 ‘MF accdvmtor nd e.rpwimwrtnl fttr;litivv. Thv .Wj-lfe V isl)chmnrw H c)clotron is at
Irft-lvnter o; th~ figure, ‘1’h~pmtrwt art-m arc prim nrily at thr L’ft urld thp mpson arrm nt th~ ri,@rt of
thr c~clntrrm. ThtI rrpwimwrtnl facilities rrnd .~hi~’lriinguill !W slihtunthlly m-thrrrwcd during the mi’d-
l!)77-impm[wmwrt piogmm.

meson cxp~riments and prott~n experiments. ‘1.he
TI{IL-}IF Iw:lm cun be time ch(~ppd if desired. “lWI[-2.1 F
01s0 lm~vides i) polarized prrthm htwm [J 30 to !,1) nA. The
S1,% t:lcility has the optinn c,} either Ptdarizerl or un -
pu!i{rizer+ heti:ns; the injector t-yck~tron mns ill{nle nearlv
{mv-fourfh of the time to provide proton beams f’nr hnv-
erwrgy nuclear physics. The S1 N Lenin can be time chop-
!)P(I :It 21M) kHz with n ~~~”~ dlltv factor. !f rfes;m+. :\f
I \> Ii’l: tl!t’ ..i!nlllr:lnw,l:+ :It(vl-r:lti{m !}! H” .tlitl H
Ijt,;lm> l)ermils t’legibility in the structure [It’ the H- betirn
$~ilhflllt ~xlmprrtmising mewwr production. ‘IVw H- hetlrn i>
sl)!i( tos~rvp three tirens hy strip pin~; it can he time chop-
lwl with 4[)- or (%)-r-wsepnratiun hetw~en micmjmlses. A
Illd:irizwi lw:~ln’ shmlld he in operati~m tit I. Aitl I>F in thp
slmng td” 1!)77.

1,it’et imp mrd mechanical illtrnsit y of m-m pmcluctirm
t:lrgetss liil~ I{mg hwr L-I!cmtrem in the (!esityr of thesr
filcilities. f I(uvever, experience shows that this proh!rm
hils n vilri~t~ [If solutimls up tn 10(~ pA rrnd the rlit’f’iculties
il[)l]~ilr to IIP trnctnMe nt suh-tnntinlly higher currents,
.[’Iw high. rllrrcnt expwience thus fm has Iwen nimmt en-
tirely m-cllmul;itud nt S1S nml 14.4311JF. At S1S tiwgets (If
Iwrylllum. cilrl){ln nnd mulylu-lwrurn are us~d routinely; Ill
1.:\31 [’F ~’urlmn t nrgcts nr~ used cxctusively. Cooling is NC.
c(ltn Illishwl hy ~’ither mdiut ion ~woling or cnnduct ion tt)
S(UNV t~i{[~r.~(”~)ld struc~, (we. Xllmy of the rndinti(ln -
tuu)ll,d tilr~~ltS ruduce the nverngp Iornl power hy slnwly
rl~lut ing.



‘1”!1,::.1-[,ill~ t’i)r S,l,.lv Ir NiW.:It.14 .1: \l!IwI,u s$itr:.,ii

I)I:IIIII::,Jil !:1.+I,:lf.lir(,ry”in t)(t(.;:fi i,“)::1 ;.1!1({ (11,.s t,k.
1,,.ci :i:,. l~r.! !.::!!.:.:ldr~.. l):.,l:ll ill l!IJI. l“~,i. ‘!e.l; :l i,[lt.rk~

1. (i(’il \II. \” :II?LI iii:kl o lll.l Xi 1:1Uill currrnt ..1 .“’’OO J:z\. “i’h.

f::.1,.l)ill< will I)e J lin;l~’ :~n~ the inili:.. 1:.ltiili~ri,,ll

lIm\ :(!H IIY :1 lmti-percent (Iuty Iiw:,,r: t!-.e du:~ :.,c[,lr will ~
t“:l.li(liil!l:’ I)& illurr,+d [l) !Ivo.purk,dnt (!Llli})!~PJ [l!() cur-
rrllt to li:’l~; ;:~\. 11- iin(l II i,,::. uiil I’e :t~~i,lrr:l[td
-Il!l,.:1:.i[:ef)(ls!y :lnd ev?nr i.ltili:,’n p)larizr(i h,~~:n Mily I)p
;,i!(ll,(l.

lhJ.!ms ure injected into the lintic at yjO IieL’. From 7~w
k~\’ tl~ LOI) \le\ :1drift-tube structure will l)e (i~e[l with rt
.r~bilization nrovided via stabilizing po~ts in the pltine U(
:IW suPWrt sterfls; the acceleratin~ Lmdient in ‘-he drit’t -

tuhe :wce!erator is 1.46 \[eV~m. Between 10C und 6(I(J
31KV n 7/2 mode ilcceleratin~ structure” will [1P us~(l (it’
the “disc and washer” family; the bridge coupiers will Iw
rwt;ingular in cnwa section. .% accelerating gradient of
2.1 XleVim is used in the high-energy purticm of the
nlncnine. TF.e opwnting frequency of the drift-tube m-.
c~tlern?or is 198.2 .14Hz; the “disk ~nd wrmher” will run ut
991 \lHz.

The rf system ~vill have spare unita which can be
swituhd into setice in the event of amplifier failure; this
i)~p~~cft requires Ax lW.2-MHZ alnplifiem and 31 39tL.
\l HZ umpliile~ A comprehsmsive computer cent ml
3yWem will be d: cwwwnticma} control is also provirlwl’
(m all systems.

lhey will use two production targets simulranenusly,
which will rotate and be rar!iation crmled; target mriterial”
WIII be either 310 or A1201. Remote handling f’ricilities will ,
l),” provided for the beam stop, targets, high-currsnt beam’
t r:lnsport and possibly the switchyrtrd.

Conclusion

Over 15 yeHrs have passed since accelwator huildem
first serimrsl:~ ..lnsirfxed th~ problem of constructing
mesmr factories. A large amoui~t ofcft’ort, time and money
h,lve been expended in bringing the existing facilities to
tlw present stage of development. Two of the fflcilities
lmve nlready derrrunstrated operation ~t the 100-AA” level
:I:I(! t!,.?[birdi+ net far }:~~hinri.Tine succew ,)f thes~ h:ls
;)rl,m;]!e(l the cumsrm(ril-m of u t’(ulrth t’ttciliry ls-hicn
stmuld he in operation tvithin a few yearn. It certrrinly Rp-
lmur-splausible that oae milliampere should he pflssihle ;It
bothsIX and LA\lPF. At ‘ITUIIYIF the electromagnetic
srripPinK will probably limit current tn the few hundred,

niicro:~mpere level in the long run, ‘rhus, in mrrrry ways
the expectations of the builders has been rtmplv fulfilled.

[XJIlg-t[lrM [~peration of rhese fnci]ities ot h~~h current

rrI:Iy well introduce new prohlem~ in radiation d,lmttge (if

!nrgct+ and l]~ilm st(]ps. In tiny event the Inaintennrrce U!
these ~(rnngly rndi[]active ilWlL9 will continue to provide u

((mtinuin~ chnllenge tr) the respective fr+cilities.
The utility of ttwse fncililies to rcsefirch cannot he i

evnluated wi:h certaint;: until the experimental progrilms I
II:IVC tl~mrislwd for many yeurs. ‘~he situation Irwks vcw
Immisirrg in the shin-r term since nt all of the ftlcilitics
tllcy hil~e Iorge nncf cnthusiustic groups of user% who tire
~il~:(’r tr) rxploit the new resetirch arei~s unveiled by these
t:l~’ilitiw. t’rncticnl applicutitms uf !hc technology rLs-
+I!l.i:lllud with these devices has already mrtde n mrbstun-

t i:ll inlp:lt’t ml humnrr aff’:lirs; t-in imptwturtt uxumple is thti

HEFERExcEs
1. H. (;. llichaelis. “ltevi~w of ilewm Factmies, -

[KKH Trnrw Xucl. Sci.Vol. X$23, XII. 3. June 1975. pp.
1.:s.5-1:!’96.

:!. D. (’. Ha~errnnn. “The Sttitus (If lAMPF.- Pm-.
1971; Prntnn l.inrttr .I(x-elerntor (“t,nt’., (Shnlk [liver, On-
r ilrio. %ptemfler 14-17, 1976. (mh~lk l{IVW Nuc-l~r
t,:ltwratn~ rmfmrt .+ I-X’[...W77, pp. 12-1!).

3. H. /\. \Villax, “opwati(m ot’ SIN, ” Proc. V ..\ll-
L!rlilm S:ltiorrid [’nnt’. on I’orticle ,\rceleraturs, L)uhn+.
1’SSK, ort~]her 3-7, I!J76.

4, \V. .Joho, il. Olive, T. Sti)mmbuch, }1, Willtm,
‘“Ttw SIN ,lccelerrrt(ws, Operilti[lllnl Itxprrienck rind !m-
pnwelne.lt I%ogrnms. ” I)r{w. 1977 I’iirticle Accelerator
Clmf,. ~’i~k-(;ongress Hotei, }lmch 16-Is, l~Y7.

3. \l. K. Cr:dchwk. ‘“lkwnt I)eve+lopmertt at th~
“~ltl[ ‘\IF Xlesorr Factory,’” Pr[w, \’ A1l-L’ni(m Sational
(hf. (In Pilrticle Acce!errttor Cunf.. Dubrm, USSR Oc-
tober 3-7, 1976.

6. hI. K. Cr~dtf{~ck, It. W’. E31uckmore, (;. Dutto. C. J.
K[wt, (;. H. .ll~cAenzie, cllrf P. !+chmor, “fmprrrwtrwnts
!U i he Beam Prnprrties of the TR[l;ll F Cyclotron,= Proc.
197? I)ilrtick ~fccdi~rat!w (’unf,, l’i(.k-c’ongress Ht~tel,
(“hicnsyl, Il... \l:lrrh II; .IQ, 1977

7, J. .;. tlllr::~rji,n. h, l,. i;~:wrx. il. 1,. !;ri=illlm.l?, .\,
I h)rne, R. K. Tieyer, 1,.4S1.: C. R. Flntml. ‘~eleOpra[rw
Sysr6m; K. H. \Vils~m, Kemotion (~1,,. ‘“A Sl)lutinn of
Rumote Hi~nrlling in Accelerrrtor Instnllati{ms, ” Ibid.

8. f+. l). (;hiimberlin. R. Il. Stevens, .Ir., nntf .I. [,.
hlcliihiwn, “The [, Alll’F Mdiirizerf-hm Facility :St.ntus
l{up~,rt ,’” Il)i[l.

9. il. ‘r. \Vils(m, [,, 1., Th{wn, 1., (). l,inttquist. and

D. L. Grish;lm, ‘P1’lle Kvolutiim of [he I,A}IPF High-
I+)wtv l’iqm IJn)rfllctitm ‘llrget i$l~~hilni~m,” Ibid.

1(1, Il. 1’. yl~lrin, “Ih~velnpment (If the High Currrmt
I.ille;lr .~ccclprnt~w of the Xlwm F:lrtnw, ” Prnc. V All-
[Jnifm (’onf. on Partic-lr Acrxlerntors, IIul)na, USSR Oc-
tol)er 3-7, 1!)7(;.

11. V. G. Andrrev, 1. K. (;uslitsk(w, 1}. A. Nlimcfmik.
V. Xl. PirlwhenkrL. unrl 11. 1. I]oly:lkr]v, “lnvestigatimr ~If
t hv Accelcral ing Structure for l]IU Srrwnrf Part 1A the
hlew,n Fucti~ry I,in;w,n Pror. IOX Prntnn I,incar Ac-
rrlmiltl)r (lmf., (’h~llk I{iver, On!nrio, Septcmher 14-17,
1!)71;, (:hillk I{iver Nuclear l,nl)orntury rr[mrt AWL3i7i.
pp. 2(;!) -27,;.


